SUMMARY The relative contributions of intramuscular and extramuscular receptors to changes in the reflex excitability of soleus motoneurons, following muscle stretch, have been studied in man. It was found that reflex excitability was decreased by muscle stretch. The extent of the decrease was related to the amount of stretch, irrespective of whether the latter was produced by dorsiflexion of the ankle or by depression of the Achilles tendon with the ankle joint fixed. The results were unaffected by anaesthesia of the skin. It would appear that neither joint receptors nor cutaneous mechanoreceptors contribute significantly to the decrease in reflex excitability during ankle dorsiflexion and that the intramuscular receptors are mainly responsible for the effects observed.
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When a limb is passively moved a number of factors would be expected to adjust the excitability of motoneurons innervating the muscle of that limb. In those muscles which had undergone a change in length there would be alterations in the discharges from the muscle spindles and Golgi tendon organs. In addition, passive movement would change the pattern of activity in joint receptor fibres, while any deformation of the skin around the joint would excite cutaneous mechanoreceptor units. Considerable information is available on the effects of spindle primary and secondary afferents, and of tendon organ inputs, on motoneurons supplying homonymous and antagonist muscles,'-3 rather less is known about the reflex actions of cutaneous mechanoreceptors and joint afferents (see Discussion). However, two recent studies suggest that the role of joint receptors may be a significant one. First, inputs from tendon organs and joint receptors have been shown to converge on common interneurons, thereby enhancing motoneuron inhibition.4 Secondly, Baxendale and Ferrell5 have clearly demonstrated that the thresholds for eliciting the flexion withdrawal and crossed extension reflexes in decerebrate cats are markedly influenced by the position of the knee.
Methods
The experiments were performed on 10 healthy volunteers (four men, and six women) aged 22-37 years; the study was approved by the Ethics Committee at McMaster University. Two additional subjects were tested but were found unsuitable for inclusion in the study since their H-reflexes were difficult to elicit. The subjects lay prone on a bed with both legs extended and the right leg slightly raised. The right foot was attached with Velcro straps to a wooden foot-plate which was itself fastened to the bed.
The foot-plate could be rotated about an axis which passed through the ankle joint and locked in position with a wing-nut. The inclination of the foot-plate to the horizontal plane could be read from a scale. The subjects were asked to relax throughout the testing period and to maintain a constant head position.6
Stimulating and recording system A 5 cm x 5 cm lead plate, coated with conducting cream, was applied over the centre of the skin crease in the popliteal fossa. The anodal stimulating electrode was a larger lead plate (10 cm x 10 cm) which was covered with saline-impregnated gauze and placed underneath the knee. The stimuli were rectangular voltage pulses, 0-5 ms in duration, delivered from a Devices Ltd stimulator (type 3072) which, in turn, was triggered from a digital timing device (Digitimer type 3290, Devices Ltd). For each subject the stimulus intensity was adjusted so as to evoke an H-reflex of approximately half of the maximal amplitude. This reflex, originally described by Hoffmann,7 was the monosynaptic response to an electrically induced impulse volley in homonymous 1 a fibres (see also refs 8, 9). In addition to eliciting a reflex response, such stimuli were usually sufficient to excite a small fraction of the a-motor axons directly, producing a compound action potential in the muscle. This potential, the M-wave, was used to monitor the consistency of the stimulating conditions. The M-wave and H-reflex responses in soleus were recorded by means of two chlorided silver-strip electrodes, 3 cm x 6 mm, coated with conducting cream; one was placed in the midline slightly distal to the gastrocnemii and the other was positioned 2*5 cm below it. The ground electrode, also a chlorided silver-strip, was placed over the outer surface of the lateral condyle of the tibia. EMG activity was amplified and filtered using a 10 Hz-1 kHz bandpass and was displayed on a storage oscilloscope (Hewlett-Packard, model 141B) and also averaged with a signal analyser (Hewlett-Packard, model 5480).
Standardisation of muscle stretch
The principle of the experiment was to stretch the triceps surae (TS) complex by two different methods and to compare the resulting changes in motoneuron excitability. The first method of stretching was to depress the Achilles tendon fully with the foot clamped perpendicular to the tibia. The depression was exerted by the plunger of a 50 ml plastic syringe which was filled with air and connected to a pressure gauge, enabling the pressure (P) to be measured. The longitudinal stretch of TS produced by this manoeuvre was estimated by inserting an hyopodermic needle perpendicularly into the soleus muscle belly and allowing the needle to rotate in front of a protractor as stretch was applied ( fig 1A, B) . Since the shaft of the needle was anchored in the skin, the latter corresponded to the axis of rotation, the head of the needle tilting away from the heel during stretching. The pressure was then removed from the tendon allowing the needle to resume its vertical position; a determination could then be made of the angle through which the foot-plate had to be rotated (in a dorsiflexed direction) to produce the same deflection of the needle as that caused by the tendon pressure ( fig 1C) . The needle was then withdrawn, partly because its continued presence caused discomfort and partly because repeated manipulation of the ankle joint caused the needle point to lose its original position within the soleus muscle belly.
Experimental procedure H-reflexes were elicited with the foot alternately dorsiflexed or in the control position; the amplitudes of 10 responses in each position were measured and averaged. The foot was then clamped perpendicular to the tibia (control position) and a further series of 20 H-reflexes were evoked with pressure being applied to the Achilles tendon on alternate occasions. Finally, a third set of 20 measurements was made, the foot being in the control position with a pressure equal to P (see above) being applied to the posterior aspect of the heel (or to one side of the Achilles tendon) on alternate occasions. 10---position and H-reflex amplitude was a continuous one, the results of plantarflexion were also studied. When the foot of each subject was plantarflexed by 5-15°(mean 8-7 + 3.00) it was possible to augment the H-reflex in nine of the 10 subjects, the overall increase for the entire population being 51-9 ± 42-1%. In six of the nine subjects displaying augmentation the mean change in H-reflex amplitude was significant at the 0-01 level (fig 4) .
(b) EFFECTS OF PRESSURE ON TENDON AND SKIN
In all 10 subjects the effect of depressing the Achilles tendon was to reduce the amplitude of the H-reflex (p < 0.01), the mean reduction being 37* fig 3(B, C) . The largely negative results of skin pressure were confirmed by two further experiments in which the skin over the Achilles tendon was infiltrated with local anaesthetic, so that pricking and light touch could not be detected. In both subjects pressure When the ankle is moved from its midposition into dorsiflexion, motoneuron excitability decreases; conversely, plantarflexion brings about an increase in excitability. The purpose of the study was to determine to what extent the effect of dorsiflexing the ankle might depend on activity in receptors lying outside the triceps surae complex, either in the capsule of the ankle joint or in the skin over the joint. Previous studies, undertaken in animal preparations, did not enable the reflex effects of either type of afferent to be predicted with confidence. Thus, most of the studies of joint receptor effects in animals have been performed with single electrical stimuli to articular nerves. '2'3 The use of more natural stimuli has produced small or variable effects. '2 14 The type of preparation used in such studies was also shown to be of crucial significance since contrasting effects could be obtained in animals with spinal and pontine lesions respectively.5 The range of joint movement is also important in considering the possible role of joint afferents since it is known from single fibre recordings that the majority of units are only responsive to extreme joint position.'6 Although small changes in joint angle were employed in the present experiments, the ankle was brought close to the limit of dorsiflexion by the extended position of the knee and the consequent stretch of the gastrocnemii.
The possible contribution of cutaneous afferents to the observed results must also be considered since mechanoreceptors in the skin over the dorsum of the ankle would have been compressed by the dorsiflexion. In the present experiment receptors in the sole of the foot would also have been activated, due to the pressure of the foot-plate as the ankle was dorsiflexed. It is known that alternating sequences of excitation and inhibition can be evoked in human motoneuron pools following small indentations of the skin,'7 but such stimuli have involved transient deformations rather than the steady ones which would have occurred in these experiments.
The present study resolves uncertainties regarding the possible roles of skin and joint afferents by demonstrating that muscle stretch, produced by pressure over the Achilles tendon, causes almost as much motoneuron inhibition as stretch produced by ankle dorsiflexion. Pressure on the tendon was also found to induce inhibition in normal subjects by Mark, Coquery & Paillard,'8 Burke, Andrews & Ashby'9 and Delwaide;20 however, in none of these studies was the amount of muscle stretch monitored and little information was given concerning the extent of the resulting inhibition. Angel & Hofmann21 also investigated passive dorsiflexion and plantarflexion combined with the H-reflex but they admitted to methodological difficulties which would have influenced their results. The interpretation of the present results is that the receptors responsible for the decrease in reflex excitability lay within the stretched muscle and that any effects of skin and joint afferents were relatively slight. The nature of the intramuscular receptor responsible for the inhibition could not be determined from these experiments and it is therefore possible that either, or both, of the two main types, that is, muscle spindle and Golgi tendon organs, were involved. Thus the tendon organs are known to inhibit homonymous motoneurons through a pathway containing one or two interneurons.22 Although early investigations of these receptors indicated that they were rather insensitive to passive stretch,23 24 lOW thresholds have been found in some of the more recent studies in the cat (for example25 26). In the present study dorsiflexions as small as 20 were sufficient to reduce the H-reflexes to half or less of their initial amplitude in three of the 10 subjects; in the entire sample a mean dorsiflexion of 40 reduced the H-reflex by 37%. Despite the small amount of ankle movement, the passive tension induced in the triceps surae muscle would have been relatively large; thus passive tension rises steeply when the ankle joint is close to its limit of dorsiflexion, as in the present experiments.27 Since the tendon organs are responsible to changes in tension rather than length, it is conceivable that they had been excited by the stimuli employed.
The other potential cause of diminished motoneuron excitation in these experiments would be presynaptic inhibition of the la terminals following impulse activity evoked in the same fibres by muscle stretch. 
